Abstract-In the present paper turbulent heat transfer and fluid flow through the channel with semicircle ribs numerically studied. The SST k-ω turbulence Model with finite volume method was employed in simulation. The adopted boundary condition considered step heights of ribs varied from 2.5mm to 10mm with pitch ratio different from 2.5 to 40 and flow Reynolds number between 10000 to 25000 at constant surface temperature. The computational results showed recirculation region after each ribs which effect on performance of heat transfer rate. Increase of Reynolds number and number of ribs leads to increase in heat transfer coefficient.
INTRODUCTION
Due to the development occurred in many engineering applications the investigation have been conducted to find different methods to rise performance of thermal systems. In the previousyears there are numerous attempts have been considered to achieve greater heat transfer performance in heating systems such as heat exchangers, cooling channel, evaporators condenser, etc. One of most important is use the different types of ribs on the wall of channel to generate recirculation flow as increase heat transfer performance. Han et al. [1] have experimental study fluid flow and heat transfer through the square duct by nine different shapes of rib. They found highest enhancementof heat transfer and friction factor achievedfor 60° orientation of ribs compared to other angled ribs. Han and Zhang [2] presented investigation on augmentation of heat transfer to fluid flow in duct with seven different shapes. The augmentation of heat transfer wasaround 4.5 times at V ribs compared to smooth duct. Experimental and numerical studies of heat transfer through pipe for 90 ribs on the one wall were reported by Liou et al. [3] . Good data was provided by using real time for holographic of interferometry to measure time dependent of distribution of temperature and also foundsatisfy agreement between experimental and numerical results.
Xiufang and Bengt [4] performed investigation on pressure drop andheat transfer for three rib roughened channel where they have arranged staggered ribs with ratio varied from 1 to 8.
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Enhanced heat transfer coefficient was observed at one end of rib and decreased at the other due to secondary flows. Effect number of ribs wall on the performance of heat transfer rate was investigated by Chandra et al. [5] where they noticed increase in heat transfer augmentation with increased number of ribs. Ahn [6] conducted experimental investigation the effect shape of ribs on heat transfer through the duct where the results revealed higher performance of heat transfer for triangular ribs compared to others.
Turbulent convection heat transfer and friction loss fluid flow throughthe channel fitted with different shaped ribs were experimentally studied by Pongjet and Chinaruk [7] . They used triangular and rectangular ribs with arrange in line and staggered arrays for aspect ratio AR=15 and step height of h=6 mm. The results show higher thermal augmentation of heat transfer for triangular ribsof staggered array compared to others.
Smulsky et al. [8] performed experimental investigate on separated flow and heat transfer on surface channel with different orientation of ribs. Three steps height with angle varied from 50° to 90° were employed in their experimental. The maximum local heat transfer coefficient was about 40% at 50° larger than others. Nine et al. [9] have experimental studied turbulence air flow and friction factor through channel with semicircular ribs. A good agreement between experimental and numerical results was obtained and showed effect of configuration of ribs on the enhancement of heat transfer.
The purpose of the presented paper is to study the augmentationof heat transfer and fluid flow in pipe with different dimension of semicircle ribs. Fig. 1 illustrates the geometry of the considered configuration of this model where study of distributions of local heat transfer coefficient on wall rib channel is formed. The length and diameter of the channel are 1000 mm and 40 mm respectively. Semicircle ribs on wall was used with step height varied from 2.5 mm to 10 mm and width varied from 5mm to 20 mm and pitch ratio (p/w) varied from 10 to 40 for 2.5mm rib height, 5 to 20 for 5 mm rib height, and 2.5 to 10 for 10 mm rib height. The Reynolds number was 10000, 15,000, 20,000, and 25000 with constant wall temperature of 320 K.
DESCRIPTION OF GEOMETRY AND BOUNDARY CONDITIONS

I. NUMERICAL PROCEDURE
Mathematical model
ICEM and ANSYS 14 FLUENT were adopted in this simulation for solving continuity, momentum, and energy equations. The considered assumptions were two dimensional, turbulent flow, steady state, and air as the working fluid. A finite volume method with the SST k-ω turbulence Model was achieved for solving the flowing Navier stokes equations (1-6).
( 1 ) ( 2 ) (3) where (4) The SST k-ω turbulence Model is defined in this study thus the transport equations are reported by the equations (5-6). 
Grid Independent study
The momentum and energy equations with second order upwind scheme and SIMPLE coupling velocity and pressure drop were solved. Our strategy for obtaining grid independent study used three sizes of meshing and compared the results at the boundary condition of h/H= 0.12, p/w= 10, and Re= 10000 where noticed a little different in value of local heat transfer coefficient then adopted this grid independent as shown Fig.2 . 
II. RESULTS AND DISCUSSION
A. Effect of pitch ratio
Figs. 3, 4, and 5 illustrate variations of local heat transfer coefficient on walls at the Reynolds number of 25000 with different pitch ratios (p/w) and step height (h) 2.5, 5, 10 mm. Increase in the local heat transfer coefficient observedwiththe decreasedof pitch ratio for all range of step heights of ribs due to increase of number ribs and boundary layer distribution induced turbulent augmentation heat transfer.
B. Effect of step height ratio
Distribution of local heat transfer coefficient on walls at the Reynolds number of 25000 and step height ratios of h/H 0.06, 0.12, and 0.25 with pitch space 200, 100 ,and 50 mm are presented in Figs. 6, 7 , and 8 respectively. The results indicated that the increase of step height ratio leads to increase of heat transfer enhancement for all cases.
C. Effect of Reynolds number
Figs. 9, 10, and 11 illustrate effect of Reynolds number on profile of local heat transfer coefficient at 0.12 ratio of step height (h/H)and pitch ratios (p/w) of 20, 10 and 5. The obtained results show to increase heat transfer coefficient by increase Reynolds number at all pitch ratios.
E. Contour of velocity
Contour of streamline velocity are plotted in Figs. 12(A, B, and C) for Reynolds number 25000 and step height ratio of h/H 0.12 and pitch ratios (p/w) of 5, 10 and 20. Recirculation region were noticed after each rib and increased with the increase of step height and Reynolds number. Decrease of pitch ratio leads to increase in the number of ribs on walls and then recirculation regions increased which then improved performance heat transfer rate.
III. CONCLUSIONS
Enhancement of heat transfer and fluid flow in pipe with different dimension of semicircle ribs numerically studied. The results showed that the increase in local heat transfer coefficient with the decrease of pitch ratio for all range of step heights of ribs due to increase of number ribs. Also increase either Reynolds number or step height has effect on the local heat transfer coefficient where the highest of local heat transfer coefficientobserved at Reynolds number of 25000, step ratio h/H 0.12 and pitch ratio p/w 5. 
